Novel function of the human presqualene diphosphate phosphatase as a type II phosphatidate phosphatase in phosphatidylcholine and triacylglyceride biosynthesis pathways.
Phosphatidate phosphatases, PAPs, are key enzymes in lipid biosynthesis and signaling. Type I PAP enzymes participate in de-novo phospholipid biosynthesis, whereas type II PAP enzymes have an established role in lipid signaling. To identify novel human type II PAPs potentially involved in de-novo phospholipid synthesis we used bioinformatics to screen for enzymes with an active site exposed to the cytosolic side of membranes. Two related enzymes, a novel lipid phosphatase related protein (LPRP-A) and a presqualene diphosphate phosphatase (PA-PSP) met this criterion. PA-PSP and LPRP-A have differential tissue and subcellular distribution, and novel yet differential roles in lipid metabolism. Specifically, PA-PSP, but not LPRP-A, was a potent Mg(2+)-independent, NEM-insensitive type II PAP. Subcellular fractionation detection indicated that both proteins were associated with membranes, while immunofluorescent deconvolution imaging revealed that these membranes were exclusively from the nuclear envelope and the endoplasmic reticulum. PA-PSP overexpression, but not LPRP-A, accelerated the synthesis of phosphatidylcholine and caused accumulation of triacylglycerol with concomitant decrease in the rate of phosphatidylinositol synthesis. Coexpression of human CTP:phosphocholine cytidylyltransferase-alpha with PA-PSP enhanced the effect of PA-PSP on phosphatidylcholine levels, yet attenuated its effect on triacylglycerol. Taken together, our studies provide the first evidence that the eukaryotic, ER-resident PA-PSP is a bifunctional enzyme with specific type II PAP activity, and regulates, in addition to type I PAPs, the de-novo biosynthesis of phospholipids and triacylglycerols.